dependent on reproductive cycles that are synchronous with phytoplankton blooms. This is especially true of the direct food link between L. helicina and C. antarctica. L. helicina lives and feeds in the water column by extending a web of mucus that traps phytoplankton and, to a lesser extent, small zooplankton (3) . L. helicina is the exclusive food source of C. antarctica throughout the life cycle, and the two species have parallel life histories. They grow in concert, with the preferred prey size increasing with predator size (3) . Such specificity within the context of a highly seasonal environment requires precise timing to ensure that predator and prey coexist. The coevolved predator-prey relationship between L. helicina and C. antarctica provides a unique opportunity to study the ecological and trophic consequences of a depression in primary productivity in the Ross Sea.
A 50% to 75% reduction in phytoplankton biomass, estimated as chlorophyll a (Chl) concentrations, and high sea-ice cover was observed in December 2000 -2001 relative to previous years (Table 1 ; Fig. 2; 8) . A limited bloom did form by February, but annual primary production was still only 60% of the previous year (1). We believe that the reduced phytoplankton stocks in 2000 -2001 had pronounced impacts on the condition of primary consumers in the region, causing cascading effects through higher trophic levels in the following year. This assertion is supported here by a series of metabolic measurements made on L. helicina and C. antarctica between 1999 and 2002.
Nutritional state is known to be among the primary determinants of metabolism in all organisms, including pteropods (3), and is especially important in the highly seasonal Antarctic environment (9, 10) . Food availability will influence, among other things, the rates of protein synthesis, oxygen consumption, growth, and reproduction (9 -11) . We collected L. helicina and C. antarctica at four sampling stations along Ross Island (Fig. 1) and measured the oxygen consumption rates of both species in January of 1999, 2001, and 2002, using end-point analysis as described previously (12, 13) . The measurement temperature in all analyses was Ϫ1.86°C, which is the year-round ambient temperature in McMurdo Sound. The oxygen consumption rates of L. helicina in 2001 were reduced by more than 30% relative to those measured in 1999 (Table 1 ). This reduction was presumably a result of food deprivation due to reduced phytoplankton stocks, although we cannot rule out a possible additional influence of changes in food quality (i.e., species composition may also have changed from 1999 to 2001). The following season, phytoplankton stocks were elevated; but for the first time on record (see below), L. helicina was not found at any station sampled.
As a monophagous predator, C. antarctica was heavily impacted by the absence of its prey in McMurdo Sound. The oxygen consumption rates measured for this species in 2002 are only 50% of those measured in previous years (Table 1 ; Fig. 3 ). We also conducted laboratory experiments in 2001 in which specimens of C. antarctica were deprived of food for 3 weeks. Over the first 14 days, metabolic rates declined gradually to about 50% of control (wild-caught and laboratory-fed animals) levels. The 2002 rates correspond closely to those of individuals deprived of food in 2001, strongly supporting the suggestion that the depressed rates resulted from the extended absence of L. helicina in the region.
C. antarctica, like many polar zooplankton (14, 15) , accumulates large lipid stores (5% wet mass) during the productive spring and summer months, presumably for survival through the winter and production of eggs that are released the following spring (16) . With a depressed metabolic rate of 0.99 mol (0.022 ml) O 2 g Ϫ1 h Ϫ1 (Table 1) , an oxy-calorific conversion of 4.7 kcal l Ϫ1 O 2 , and an energy content of 9.4 kcal g Ϫ1 lipid, a 100-mg animal could survive nearly 6 months on lipid alone, but at the expense of reproduction. A positive correlation between egg production and availability of food (i.e., Limacina) has been demonstrated in the laboratory for C. limacina (3) .
L. helicina is typically abundant throughout the Southern Ocean, sometimes displacing krill as the dominant zooplankton (17) . In McMurdo Sound, L. helicina may constitute more than 20% of the zooplankton biomass and reach concentrations exceeding 300 individuals per cubic meter along the ice edge (18, 19) . L. helicina is also an important prey item for a number of other species in the Antarctic, including whales and myctophid and notothenioid fishes (4, 20) , themselves important components in the diet of penguins and mammals (21, 22) . Although Clione limacina, the northern hemisphere congener of C. antarctica, has also been reported in the diet of fishes and whales (3), C. antarctica may have limited importance for higher trophic levels in McMurdo Sound because it produces a novel "anti-feedant" compound (19) . However, both L. helicina and C. antarctica are functionally important components of the ecosystem with the potential to influence phytoplankton stocks (18) , carbon flux (23) , and dimethyl sulfide (DMS) levels (24) that, in turn, influence global climate through ocean-atmosphere feedback loops. The state of pteropod populations is almost certainly indicative of overall ecosystem "health" in McMurdo Sound, and perhaps throughout the Ross Sea.
Large aggregations of both pteropod species were found at all four sampling stations ( Fig. 1) (30) .
Continued monitoring is required to assess the causes of variability in Ross Sea phytoplankton stocks, the role of sea ice in the Southern Ocean ecosystem, and the resulting impacts on trophic interactions. Climate variations may further disrupt the timing of sea-ice formation and retreat (31, 32) , and thus primary productivity, with consequences for entire food webs, as observed here. 
